Functional foods that provide benefits beyond their traditional nutritional value have attracted much interest. Aim of the study was to evaluate the nutritional and the functional properties of a frozen ready to eat soup containing barley and pigmented vege tables. Both glycaemic index and the glyceamic load of ready to eat soup were evaluated in vivo. Moreover the bioavailability of carotenoids (lutein and beta carotene) and the effect on lipid pro file and lipid peroxidation were studied in 38 volunteers whose diet was supplemented for two weeks with a daily portion (250 g) of the ready to eat soup. Plasma levels of carotenoids (lutein and beta carotene) and plasma total antioxidant capacity significantly increased after 2 weeks of treatment. Furthermore, we observed a decrease in the levels of lipids (total cholesterol and low density lipoprotein cholesterol) and of markers of lipid peroxidation (oxidized low density lipoprotein and lipid hydroperoxides) in plasma of all subjects. The glyceamic index of the product was 36, therefore it could be considered a low glyceamic index food. An accurate selection of vegetable foods results in a palatable and healthy product that provides benefits on plasma lipids and lipid peroxidation (Protocol number 211525).
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Introduction F unctional foods that provide benefits beyond their traditional nutritional value have attracted much interest. In fact several studies have shown that diet plays a protective role against the development of human diseases (diabetes, obesity, cardiovascular diseases and metabolic syndrome).
(1-3) Among vegetable foods that could be defined as functional, there are pigmented vegetables such as black and blue cabbage, purple carrots, red spinach, red chard and red celery that contain bioactive molecules such as phytochemicals (polyphenols and carotenoids) and vitamins (vitamin C, folate, and provitamin A). (4) (5) (6) (7) (8) (9) (10) However their biological effects have been mainly investigated in vitro and in animals models. (11) (12) (13) (14) (15) (16) (17) The high content in soluble fiber, especially β-glucan, supports the role of barley as a functional food. (18) Health claims concerning the effect of barley β-glucan on plasma lipids, post prandial glucose and insulin response have been approved. (19, 20) More recent studies have demonstrated that barley contains also other bioactive phytonutrients. (21) (22) (23) Therefore, it has been suggested that inclusion of whole barley grain and barley products in the daily diet could help mitigate oxidative stress related to disease conditions and in particular cardiovascular diseases. Studies in animal models confirm a significant effect of diet containing barley on lipid profiles and antioxidant system. (24, 25) However it has to be stressed that it is not always clear whether the effects in animals can be extrapolated to humans. (26) In order to evaluate the nutritional properties of a frozen ready-to-eat soup containing barley and pigmented vegetables, the bioavailability of carotenoids (lutein and β-carotene) and the antioxidant potential were studied in 38 volunteers whose diet was supplemented for two weeks with a daily portion (250 g) of the product. Moreover we studied the product intake effect on plasma glucose and on markers of cardiovascular disease, such as plasma lipid profile and levels of oxidized LDL (ox-LDL).
Materials and Methods
Nutrient composition of barley vegetable soup. "Barleyvegetable soup" contains 40% of barley and 60% of pigmented vegetables (black and blue cabbage, pumpkin, purple carrots, red spinach, red chard, red and yellow celery). Water-soluble vitamins were quantified by high-performance liquid chromatography/ electrospray ionization-mass spectrometry. (27) Carotenoids were analyzed using high performance liquid chromatography (HPLC). (28) Total polyphenols were evaluated following Xu et al. (29) Total antioxidant potential was evaluated by Oxygen Radical Absorbance Capacity (ORAC) assay. (7) The compositional analysis was carried out in 2011 and 2013 to verify the stability and the variability from batch to batch of the products.
Macronutrients and micronutrients contained in the frozen ready-to-eat product containing barley and pigmented vegetables are summarized in Table 1 . A portion of the product provides about 40% of recommended daily intake of dietary fiber (9.4 g/ 250 g). It contains several hydrophilic and lipophilic vitamins. A portion (250 g) of the product contains 5.3 mg of β-carotene, 5.2 mg of lutein and 700 mg of total phenols ( Table 1) . As shown in Table 1 , among polyphenols, phenolics acids and flavonols are the main components in the vegetable product. Anthocyanins and flavones have also been identified (Table 1) . Using ORAC assay to evaluate total antioxidant capacity, the product ranks highest among vegetables. (30) In fact a portion of the frozen product provides 3 mmol/TE.
Evaluation of post prandial glucose response: glycaemic index (GI) and glycaemic load (GL). The products were provided as breakfast to ten fasted subjects. In all subjects no comorbidities such as type I or II diabetes or other diseases of glucose metabolism were observed, as demonstrated by serum levels of glycated hemoglobin (HbA1c<5%) (data not shown). The amount of carbohydrates in the product was used to calculate F servings weight with 50 g of available carbohydrates. The portions were professionally prepared in the expected quantity. All samples were cooked following cooking instructions on the packages. All subjects completed the meal within 10 min. Each subject was asked to consume 50 g of available carbohydrate portions of test foods. Finger capillary blood samples were collected just before eating and 15, 30, 45, 60, 90 and 120 min after consumption. To determine differences in glucose kinetics, the 0-120 min incremental area under the blood glucose curve (iAUC) was calculated by using the trapezoidal rule. (31) The averages of fasting measurements were used as baseline values and areas below baseline were not included. The glycaemic index (GI) was calculated as the ratio between the iAUC of the glycaemic response obtained from product intake compared to iAUC reference food (glucose). From the value of GI we calculated the value of the glycaemic load (GL), expressed by the product of the amount of available carbohydrate, present in a portion of the product, for its GI value; GL = (GI/100*portion carbohydrate content). GL was calculated considering a portion of 250 g.
Experimental design to investigate the effect of product intake on plasma lipids and antioxidants.
Subjects. The study was conducted during September-November 2012. The inclusion criteria for subjects were: not taking vitamins, minerals, or other types of supplements during the previous 2 months; no-smoking; body mass index (BMI) within the normal range according to the World Health Organization criteria (18.5-25 kg/m 2 ) and normal biochemical and haematological profile (cholesterol <6.8 mM, triacylglycerols <2.8 mM, glucose <6.11 mM). The exclusion criteria were: diagnosed diseases such as allergies, cancer, diabetes, obesity, hypertension, mental diseases, gastrointestinal or renal diseases, as well as intake of drugs related to these pathologies, alcohol consumption >30 g/day, vegetarian diet. None of the female subjects was pregnant or lactating. Volunteers were recruited in the Polytechnic University of Marche (UNIVPM), Italy. Thirty-eight subjects underwent barley diet. Their median age was 38.5 years (1st-3rd quartiles: [35] [36] [37] [38] [39] [40] [41] [42] [43] [44] , the median value of BMI was 22.3 kg/m 2 (1st-3rd quartiles: 20.5-24.7) and 40% of subjects were males. The intervention phase consisted of a 2-week period which included a daily consumption of a portion (250 g) of "barley-vegetable soup" produced and supplied by Italsur s.r.l. (Notaresco, Teramo, Italy). The product was consumed after cooking and served with 2 tablespoons of extra virgin olive oil. Intake of the soup was included in the normal daily diet and no specific time of consumption or accompanying meal was established. Subjects were recommended to maintain their habitual dietary intake (especially as regard to their consumption of a provided list of foods with high carotenoids, polyphenol and vitamin C contents) and their usual physical activity or other lifestyle habits. Moreover, they were requested to record any sign of illnesses, medications, and any deviations from their experimental diets. Each subject was asked to complete a 15-day dietary record before and during the study intervention to evaluate their energy and nutrient intake. The energy and macronutrient and micronutrient intake of the subjects before and during the study were estimated by the software "MetaDieta," using Italian food composition tables (MetaDieta software ver. 3.1, METEDA, Ascoli Piceno, Italy). No subject was reported to have side effects and thus, no one dropped out during the experimental period. At the beginning of the intervention (baseline, T0) and at the end (after 2 weeks, T15), fasting blood samples were collected. The study was performed in accordance with the Helsinki Declaration of Human Studies and approved by the Ethical Committee of the "Azienda Ospedaliero-Universitaria Ospedali Riuniti" Ancona (Italy) (Protocol number 211525). All participants signed an informed consent document. A limitation of the study is represented by the absence of a control group; however taking into account the short period of supplementation and strict record of other nutritional Table 1 . Macronutrient, vitamin and phytochemical composition of frozen ready to eat barley vegetable soup (100 g) Data are reported as mean (standard deviation) of data from analyses carried out in samples from different batch and different years (2011 and 2013).
Constituent
Content in 100 g of products
Amylopectin ( Total ORAC (mmol (TE)) 1.20 ± 0.14 intake, other seasonal influences on analysed data can be excluded. Analytical determination. Fasting blood samples (10 ml) were collected from each subject by venipuncture from the antecubital vein: 5 ml were placed in heparin tubes for haematological measurements, while 5 ml were placed in tubes without any anticoagulant and centrifuged at 1,500 g for 10 min at 4°C for serum separation. Plasma and serum aliquots were prepared and stored at -80°C until analysis. Analyses did not commence until the full intervention study was completed and all samples from each subject were analysed within one batch to reduce inter-batch variability. 
Plasma total antioxidant capacity. Plasma total antioxidant capacity was measured using oxygen radical absorbance capacity (ORAC) adapted for semi-automated measurement on a 96-well microplate reader (Synergy HT; BioTek,Winooski, VT).
Markers of lipid peroxidation. Ox-LDL were determined in plasma by a sandwich ELISA procedure using the murine monoclonal antibody mAB-4E6 as the capture antibody, and a peroxidase conjugated antibody against oxidized apolipoprotein B bound to the solid phase (ox-LDL, Mercodia AB, Uppsala, Sweden). Intra and inter-assay CVs were 2.82 and 7.29%, respectively. As LDL-C is considered a major determinant of absolute ox-LDL levels, plasma values of ox-LDL (U/L) were adjusted by the plasma levels of LDL-C (mmol/L) by calculating their ratio (units of ox-LDL per mmol of LDL-C), in agreement with Zuliani et al. (34) In the same subjects, plasma lipid hydroperoxide levels were analyzed using the ferrous oxidation-xylenol orange (FOX) assay. Variation for individual plasma using the FOX assay was <10%. (35) Statistical analysis. Variables were not found normally distributed at Shapiro test, for this reason, a non-parametric approach was chosen for the statistical analysis. All subjects' characteristics were evaluated at baseline (T0). Quantitative variables were summarized using percentiles, median and interquartile range and median values were estimated by means of 95% confidence interval (95% CI); qualitative variables were summarized using absolute and percentage frequencies. Absolute variations between T0 and after 15 days of diet supplemented with barley-vegetable soup were evaluated for the plasma lipid profile (TC, LDL-C, HDL-C and TG), plasma levels of glucose, of biochemical markers of oxidative damage (lipid hydroperoxides, ox-LDL, ox-LDL/LDL levels) and of the antioxidant variables (ORAC values
were evaluated by Wilcoxon signed-rank test. Besides, glucose and each variable of the lipid profile, biochemical markers of oxidative damage and of the antioxidant variables measured at T0 were dichotomized and comparisons on the absolute variation of the variables between subjects with basal values under and over the median value were carried out by Wilcoxon rank sum test. The statistical significance was assessed at a level of probability of 0.05 and Benjamini and Hochberg procedure was used to adjust p values since multiple testing on the same data set were performed. Quantile regression analysis was fitted to evaluate the effect of variables associated to the absolute variation of the lipid profile, glucose, biochemical markers of oxidative damage and of the antioxidant variables, considered as dependent variables for each regression model. Each dependent variable dichotomized at their basal median value was used as independent variable in each regression model and age, gender and BMI as covariates. When lipid hydroperoxides, ORAC and ox-LDL were investigated, the percentage variation on plasma levels of lutein and β-carotene after 15 days of diet were added as covariates. The results of the quantile regression analysis were expressed as point and interval estimates of regression coefficients; when the 95% CIs did not included 0 value, the regression coefficients were considered statistically significant. All statistical analyses were performed using R statistical package, ver. 3.0.2.
Results
Post prandial glucose response. Fasting blood glucose concentrations in healthy subjects were similar before each test meal (4.47 ± 0.07 mM). Fig. 1 shows the mean blood-postprandial glucose response following consumption of the product and glucose. The post-prandial glucose response demonstrated a peak value at 30 min and a return to baseline within two hours (Fig. 1) . The increase of glyceamia was lower after intake of the product and the glyceamic index (GI) and the glyceamic load (GL) values were 36.3 ± 3.7% and 9.2 ± 0.9%, respectively.
Effect of short term consumption of the product. The basal levels of glucose, lipids, markers of lipid peroxidation (lipid hydroperoxides and ox-LDL) and carotenoids (β-carotene and lutein) in plasma of subjects are shown in Table 2 . The results of the short-term consumption of the product on plasma glucose, plasma lipids and antioxidants are shown in Table 3 . During the diet supplemented with vegetable product, both dietary energy and macronutrient intake of the participants were well balanced according to the Italian recommendations for adults (Table 4) . Changes in BMI were not significant during the study (data not shown). Plasma lipid and glucose. Absolute variations in the plasma lipid profile and plasma glucose levels after 15 days of diet are presented in Table 3 . Significant reductions were found in the plasma levels of total cholesterol (mean percentage decrease, 6.5%) and LDL cholesterol (mean percentage decrease, 10.8%), triacylglycerol (mean percentage decrease, 8.3%) and glucose (mean percentage decrease, 4.6%) (p<0.001). No significant difference was found in the absolute variation of HDL cholesterol levels (p = 0.262).
Markers on lipid peroxidation. The basal levels of ox-LDL and lipid hydroperoxides were similar to those reported by us and other authors in previous studies on healthy subjects (Table 2) . (32, 34, 35) Significant decrease of the plasma levels of lipid hydroperoxides, ox-LDL and ox-LDL/LDL ratio was found after 15 days of supplemented diet (Table 3) . Plasma concentrations of carotenoids and total antioxidant capacity. Basal plasma levels of lutein ranged from 0.19 to 0.5 mg/ml and basal plasma levels of β-carotene ranged from 0.09 to 0.79 mg/ml, the median values are in agreement with other authors. (32, 36) Table 3 shows the absolute variation in plasma concentrations of lutein and β-carotene after daily intake of the experimental product (250 g) containing 5.2 mg lutein and 5.3 mg β-carotene compared with baseline. A significant increase of Retinol (mg/day) 0.8 ± 0.2 0.7
Riboflavin (mg/day) 1.14 ± 0.27 1.4
Thiamine (mg/day) 0.972 ± 0.17 1.1 plasma carotenoids (lutein and β-carotene) was found after 15 days of supplemented diet (p<0.001). The percentage increase was 48 and 59% for lutein and β-carotene, respectively. A significantly higher total antioxidant capacity has been also observed in subjects after supplemented diet (p<0.001).
Response to dietary intervention based on pre-intervention status. As shown in Fig. 2 , subanalysis of data according to their baseline values highlighted a significantly higher increase of lutein levels and higher decrease of lipids (LDL-C, triacylglycerol), glucose levels as well as markers of lipid peroxidation (lipid hydroperoxides, ox-LDL, ox-LDL/LDL ratio) in those individuals that for the same parameters had baseline values over the median level. Results of the multiple quantile regression analysis are shown in Table 5 . A significant higher absolute variation of TC, LDL-C, tryacilglycerol, glucose and ox-LDL was associated with the dichotomized variable; a higher reduction of the variable levels was associated with those individuals with basal values over the median level; higher increase of lutein values were associated with those individuals with basal values over the median level. Significant higher decrease of LDL-C and higher increase of β-carotene levels were associated with females, while higher decrease of HDL-C and triacylglycerol were associated with the male gender. The reduction of TC levels significantly decreased in older age individuals. No significant association was found between the percentage variation of lutein, β-carotene and the absolute variation of ORAC, ox-LDL and lipid hydroperoxides levels.
Discussion and Conclusion
Since 1981, when Jenkins showed that complex carbohydrates are digested more slowly and raise blood glucose less than simple sugars, (37) many studies have been performed to investigate the physio-pathological relevance of postprandial hyperglycaemia. (38, 39) There is much scientific and popular interest in the role of low glycaemic index foods. Several public health organizations have recently integrated consideration of the glycaemic index in their nutritional recommendations for patients with metabolic diseases and for the general population. (40, 41) Increasing attention has been addressed also to vegetable foods for their key role against the development of human chronic degenerative disease due to their peculiar composition in phytochemicals. The glyceamic index of the product containing a combination of barley and pigmented vegetables is 36 therefore it could be considered a low glyceamic index food. (31) The present study shows also that the short-term daily consumption of the low glycaemic product produces a significant decrease of plasma glucose levels. Moreover a significant decrease of plasma lipids (TC, LDL-C and triacylglycerols) and plasma levels of biochemical markers of lipid peroxidation (lipid hydroperoxides and ox-LDL) has been demonstrated. The effect on plasma lipids and plasma glucose is likely related to the peculiar chemical composition of the vegetable soup that contains 9.3 g of fibres with about one fourth (2.3 g) represented by soluble ones. Furthermore, a portion of the vegetable soup provides about 2 g of pectins and 2 g of β-glucans, the effect of both these nutritional factors on plasma cholesterol and glucose levels has been previously demonstrated. (19, 20, 42) In the present study we demonstrated that after integrating the daily diet with a portion of "barley-vegetable soup" containing 5.2 mg lutein and 5.3 mg β-carotene, plasma lutein and β-carotene concentration increased respectively by 59% by 48%. Our results demonstrate that carotenoids are bioavailable in the proposed food matrix, although to a lower extent in comparison to other vegetable foods. In fact in our previous study we demonstrated that the daily intake for two weeks of a portion of the vegetable combination of black and red cabbage (containing 1 mg lutein and 0.6 mg β-carotene) increased plasma β-carotene and lutein concentration by 80 and 204%, respectively compared with the baseline. (32) This could be due to different proportions of carotenoids present in the tested food matrix stressing the role of their relative composition in modulating the bioavailability. (43) Moreover other dietary factors such soluble fiber (such as pectins) are known to influence the bioavailability of carotenoids. (44) Previous human studies have demonstrated that the increase of plasma carotenoids is modulated by their basal levels. (32, 45) In agreement with these data, we observed a higher increase of lutein levels in plasma of those individuals that had baseline values over the median level. Moreover the decrease of markers of lipid peroxidation was greater in subjects whose basal levels were higher suggesting a relationship between basal level of oxidative stress and modification of plasma lipid peroxidation after dietary intake of vegetable soup, in agreement with other authors. (32, (46) (47) (48) Different factors may have contributed to the beneficial effect exerted by the short term intake of the product on plasma lipid peroxidation. Concerning the molecular mechanisms, previous studies have shown a relationship between consumption of fruit and vegetable, increase in serum antioxidants and decrease of markers of lipoprotein peroxidation (ox-LDL and F2-isoprostane). (49) (50) (51) (52) (53) (54) (55) We suggest that the decrease in oxidized LDL is the result of both a decrease in LDL-cholesterol concentrations and an increase in serum antioxidants, such as lutein and β-carotene. Beside the direct beneficial effects on the plasma lipid profile, a potential synergistic effect is exerted by low glyceamic index of the studied food on LDL oxidation could not be excluded, in agreement with previous reports. (49) In fact it is well known that postprandial hyperglycaemia increases oxidative stress in susceptible individuals. (56) The frozen ready-to-eat vegetable product represents a good dietary source of bioactive compounds in a dose that has been demonstrated to be efficient in inducing in vivo a beneficial effect against lipid peroxidation and in improving lipid profile and glycaemia. These effects could be due to single components and/or to the adjunctive and synergistic effects of phytochemicals contained in barley and pigmented vegetables. High levels of LDL-cholesterol and of oxidized LDL are biochemical markers for atherosclerosis and other human chronic degenerative diseases.
(57,58) Therefore we suggest that products rich in soluble fibers, carotenoids and other phytochemicals could be inserted in dietary intervention aimed to prevent dismetabolic diseases and their complications. Despite that dietary health effects are influenced also by genetic factors, (59) an accurate selection of vegetable foods results in palatable, convenient and healthy product with physiological effects on plasma lipids and lipid peroxidation. The growing consumers' demand for healthier foods is focusing the interest of the food industry towards the area of functional foods and functional food ingredients. The results obtained in the present study could be useful in the development of new healthy plant food products characterized by low glycaemic index and high content of antioxidants.
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